Quality problem: Critical care patients often have several risk factors for pressure ulceration and implementing prevention interventions have been shown to decrease risk. Initial assessment: We identified a high incidence of pressure ulcers in the four adult critical care units in our organization. Therefore, avoiding pressure ulceration was an important quality priority.
pressure ulcers [7] . A large percentage of critically ill patients demonstrate some or all of these risk factors and are a high-risk group for developing pressure ulcers [8] . Staff attitudes present a further challenge, since pressure ulcers may be viewed as being inevitable in the critically ill, due to the complexity of patient conditions and associated risk factors [9] .
Initial assessment
In 2012, the National Health Service (NHS) identified pressure ulcer prevention as a quality improvement target [10] . At the same time, we identified a high incidence of pressure ulcers in the four adult critical care units in our organization and therefore aimed to prevent pressure ulcers using a quality improvement methodology. A numerical target for improvement was not set at the beginning of the programme.
The setting for the improvement programme was four adult critical care units (intensive care and high dependency beds) within a NHS organization on two acute hospital sites. The units had the following number of beds and case-mix:
1. Cardiothoracic critical care unit: following urgent and routine major cardiac and thoracic surgery, including heart and lung transplantation, 24 beds 2. General critical care unit specializing in transplantation of the liver, pancreas and kidneys, vascular surgery, hepatobiliary surgery, severe pancreatitis and advanced cancer care, 22 beds 3. General critical care unit specializing in complex gastric and plastic surgery, burns and long-term ventilation and medical emergencies, 20 beds 4. Neuro/trauma critical care unit specializing in major neurosurgery and traumatic injury, 22 beds
Choice of solution
At the beginning of the improvement programme, a review of the literature revealed a number of studies focussing on single interventions to prevent occurrence, such as those addressing mobility, nutrition or skin health [11] . Implementation of a number of pressure ulcer improvement interventions together in critical care, as a bundle approach, was not well reported. A recent publication from one intensive care unit introduced a bundle of interventions using a Plan, Do, Study, Act (PDSA) approach but was limited to 12 months [12] . Aside from pressure ulcers, other quality improvement programmes in critical care have demonstrated impressive patient safety improvements when a bundle approach was implemented, such as with central venous catheter infections [13, 14] . Given the evidence pointed towards multiple small interventions being important we chose a bundled approach to try to reduce this important source of harm.
Implementation

Programme leadership
Overall programme leadership was provided by the nurse consultant in critical care. A pressure ulcer task group was established to lead, direct and facilitate the implementation of the improvement programme. The task group included the nurse consultant in critical care at least one charge nurse or staff nurses from each of the four units, a consultant in critical care medicine, a critical care data monitoring specialist and a tissue viability nurse specialist. The task group met every 1-2 months to discuss the strategy, share evidence reviews and to develop guidance.
Pressure ulcer prevention interventions
Careful consideration was given to the choice of pressure ulcer prevention interventions. Parallels were noted between infection prevention and pressure ulcer prevention, as both were seen as opportunities for the reduction of avoidable harms and both were key patient safety priorities for critical care. A combination of technical and nontechnical interventions, process measures plus a measurement of improvement were utilized throughout the 4-year period (Table 1 ).
In the first 12 months (January-December 2012), we appraised the published evidence to identify the parts of the bundle for implementation. National and European clinical guidelines were reviewed [15, 16] and re-reviewed when updated when published guidance published [17] to ensure the interventions to be implemented were in line with best practices. We focussed our appraisal on key areas such as valid pressure ulcer assessment [18] , turning regimes, seating regimes, mattress choice, skin care and incontinence management. The topics were shared out within the task group and each member of the group reported back on their appraisal of important aspects of pressure ulcer prevention at the monthly task group meetings. The other interventions undertaken by the task group included revising the existing nursing care plan and nursing documentation, developing a new pressure ulcer risk assessment tool, updating the pressure ulcer prevention guidance and introducing the new pressure relieving mattresses for the highest risk patients. In addition, after analysis of early results, which highlighted a significant proportion of moisture lesions a greater focus was given to the use of bowel management systems and skin care. When process measures later identified a delay in the use of bowel management systems a critical care Bowel Management Assessment Tool was developed. The ability to continuously measure the impact of implementing the interventions was an important component of the improvement programme. The local incident reporting system (DATIX ® ) was used to measure the incidence of pressure ulcers as its use for reporting pressure ulcers was well established at the start of the programme.
During the second 12 months of the programme (JanuaryDecember 2013), we prepared for implementation of the interventions by building awareness for planned changes and anticipating potential problems. Prior to implementation, a 30-min training session aimed at new and existing staff was delivered and the numbers of staff trained were recorded for each unit.
The third 12 months (January-December 2014) was a period of refinement of the interventions and of refocussing on the original aims of the project. The pressure ulcer risk assessment tool was revised to include a better understanding of the factors. Because of difficulties releasing staff for a 30-min group training session 'flash training' was delivered at the bedside using five pre-printed and laminated slides with key messages delivered by one member of staff in a short 5-min time period. As well as the continuous measurement of pressure ulcer incidence, the number of days without pressure ulcers was recorded and displayed on each of the four critical care units. When 30 'harm-free days' were achieved, cookies were presented as a reward to staff. Process measures included an audit of compliance with the 12 hourly pressure ulcer assessment standards, compliance against the bowel management assessment tool guidelines and numbers of staff trained.
From April to September 2015, we continued to collect and report on pressure ulcer incidence with data feedback to the units on a monthly basis. Work continued towards reducing the incidence of pressure ulcers and aiming for harm-free care.
Evaluation
A hospital standard was to report all pressure ulcers using the local DATIX ® reporting system; this was reinforced at a unit level through staff meetings and training sessions and backed up by the regular presence of tissue viability nurses in the clinical areas. Great efforts were taken to train nursing staff on reporting and categorization of pressure ulcers. All the assessments and categorizations were based on the National Pressure Ulcer Advisory Panel definitions [16] and were checked and verified by a Tissue Viability Nurse Specialist. If a patient had more than one pressure ulcer in the same month then only the worst category ulcer was recorded, if the patient developed another pressure ulcer on a different month this was recorded as another pressure ulcer. The number of pressure ulcers was taken from the local DATIX ® reporting system, the information was collated by our organization's Quality and Governance department and reported back to the critical care units~3-4 weeks after the end of each month. The number and category of pressure ulcers on each unit was displayed on run charts over time. This timely feedback ensured clinical staff could monitor the effects of changes in their practice over time. On 1 day of each month, an audit was undertaken to record the prevalence of pressure ulcers on a given day. These pointprevalence audits confirmed the precision of the reporting system by showing that all identified pressure ulcers had already been reported in the DATIX system. The method of data collection and reporting remained the same throughout the programme. Before undertaking the analysis for this report, all data recorded in DATIX since September 2012 were checked by a Tissue Viability Nurse Specialist to ensure the final grade of pressure ulcer was correctly attributed to each patient, increasing the reliability of the data. Data prior to September 2012 had been archived so was not easily accessible.
Data in this report are presented using descriptive statistics and a statistical process control chart to show the change in incidence over time [19] . A 6-month baseline period is defined as the 3 months prior to the quality improvement project starting and the first 3 months of project. The incidence of pressure ulceration was calculated using the number of admissions to critical care as the denominator, if a patient was re-admitted to the unit this was counted as another admission.
This pressure ulcer prevention quality improvement programme was deemed exempt from ethics review according to local policy. It met the criteria of service development as the programme introduced changes in practice based upon evidence derived from research in other healthcare settings, where changes had already been introduced and evaluated.
The provision, activity or case-mix of the four adult critical care units in our organization did not change significantly over the four years of the quality improvement programme (Table 2) . During the 4-year study period, the incidence of pressure ulcers reduced significantly from 8.08/100 patient admissions (baseline) to 2.97/100 patient admissions (April 15 to September 2015) (Table 3) , a relative rate reduction of 63% over the 4 years. The greatest reduction was seen in the most severe types of pressure ulcer damage (categories IV and Black Necrosis depth undetermined) and also the least severe type (category I). The proportion of admissions to critical care that developed pressure ulcers across all four critical care units are presented in a statistical process control chart (Fig. 1) . This chart shows that the reduction in pressure ulceration observed meets the commonly accepted criteria for special cause variation of eight or more successive points on one side of the centre line [19] .
During the project, we presented a run chart showing data from all four units to allow comparisons to be made between units (Fig. 2) . Three of the four units showed a similar downward trend as interventions were implemented, unit four observed a low and consistent rate of pressure ulcers throughout the 4 years.
Lessons learned
In response to a high baseline incidence of pressure ulcers in our organization, we developed and delivered a quality improvement programme, including a bundle of interventions, aimed at reducing the incidence of pressure ulcers in the critically ill. Over the 4-year study period, we observed a significant and sustained reduction in pressure ulceration, in particular in the more severe grade of pressure ulcers.
The reduction in pressure ulcers was noted in some but not all grades of pressure ulcers, the incidence of category III ulcers did not appear to change. While one would expect a consistent reduction across all grades of pressure ulcer it is possible that the interventions were most effective at reducing the development of the more severe grades of pressure ulcers but did not prevent them developing to grade III.
This quality improvement programme has some limitations. Firstly, the before and after study design is prone to confounding from temporal changes which might influence the results. We are not aware of any significant changes in capacity (bed numbers), activity (admissions) or case-mix, but these and other confounding factors cannot be excluded. Secondly, our efforts to reduce pressure ulcer prevention came at a similar time to national policy directives focussing on and aiming to reduce pressure ulcers, such as the NHS Safety Thermometer monthly monitoring of pressure ulcer prevalence in all acute hospitals in England [20] . Thirdly, there may have been some data categorization inaccuracies before September 2012 as we were not able to retrospectively check the data from this period to ensure the grade of pressure ulcer was correct. Finally, not all units had a similar high incidence of pressure ulcers at baseline-unit 4 had low rates of pressure ulcers throughout the 4-year period, which we believe was due to the unique case-mix of neuro/trauma patients, who tend to be younger with fewer co-morbidities. This unit's case-mix had a lower risk of pressure ulcer damage and hence less opportunity for improvement, they were not already using the interventions.
A recent systematic review of interventions to change behaviour in healthcare identified a bundle of interventions packaged together as an effective approach [21] . It is difficult to say which components of the bundle of interventions used were most important but we believe a number of key components were critical to the success of the programme. Firstly, setting up a multidisciplinary, pressure ulcer task group is seen as an important component of quality improvement initiatives [22] . The task group comprised motivated clinical staff who contributed to the development of the interventions. Clinical leadership is known to be challenging in improving quality in healthcare and is necessary at different levels [23] . Our task group members, all experienced clinical staff, successfully influenced and encouraged the application of the changes on each of the critical care units.
Another key component thought to be successful was the data feedback to critical care staff. Johnson and May found audit and feedback relating to any summary of clinical performance, to be one of the most successful interventions to change professional behaviour [21] . The DATIX reporting system is extremely detailed and time consuming. It was vital, therefore, to regularly relay information from this system to maintain staff commitment to this part of the process. Feedback took the form of a poster in each unit, updated monthly using a run chart allowing staff to assess and monitor the impact of the changes they had implemented. This feedback was supplemented with more descriptive case presentations summarizing detailed incident investigations including photographs.
A further successful intervention was the change from foam and gel mattresses to alternating low pressure mattresses. Early nurse feedback suggested a high level of confidence that the new mattresses were effective, particularly in the highest risk patients. This positivity helped to increase confidence in the overall project.
The Braden Scale [24] was used to assess pressure ulcer risk prior to the improvement programme, and the group agreed that risk factors specific to the critically ill were not addressed using this assessment tool. As a result, the subset of 'very high risk' patients was not identified. The under recognition of risk meant that patients were often being repositioned three to four hourly, rather than two hourly. As part of the quality improvement programme, we developed a new pressure ulcer risk assessment tool, CALCULATE, which comprises a list of risk factors specific to critical care patients, including impaired circulation, mechanical ventilation, dialysis and cardiac instability. CALCULATE was viewed as good and easy to use by critical care nurses [8] . The focus on turning regimes, with a drive to increase frequency of turning to two hourly for patients in the new 'very high risk' category was the most challenging change to institute, since nurses had significant workload concerns. Gradually, however, it was recognized by nursing staff that the risks associated with not achieving this two hourly standard were significant, and towards the end of the improvement programme, this intervention was regarded as mostly achievable with no increase in nursing resource. Patient instability was identified as the reason why this turning intervention could not always be achieved.
The final key component thought to be important for our results was our emphasis on staff training and increased awareness of pressure ulcer prevention. A large amount of time was invested to provide staff with an increased understanding of the importance of pressure ulcer damage in critical care and interventions to prevent the harm. This emphasis helped to challenge the belief that pressure ulcers were in any way an inevitable consequence of critical illness.
Similarities are noted with our experiences with these key components, with other recently published quality improvement projects in this topic area. In one hospital in Canada, they reduced hospital acquired pressure ulcers by 80% and identified the following key corresponding components; involvement of inter-professional teams and senior leadership, replacement of support surfaces and a pressure ulcer prevention education bundle [25] . Likewise in the USA in one critical care unit a collaborative approach using a combination of staff education and a focus on assessment scores, skin care protocol, fluidized repositioners and dressings achieved a 69% reduction in pressure ulcers over 3 years [26] . The common approaches such as clinical leadership, staff education and pressure ulcer assessment suggest that these are likely to be the successful interventions for reducing pressure ulcers in critical care.
Reductions in pressure ulcer incidence observed during our project have potentially significant implications for healthcare organizations. We have demonstrated that this harm is not inevitable even in the highest risk patients. Widespread application of similar methods has the potential to bring significant patient and financial benefit. We calculated the number of pressure ulcers prevented over 4 years and inserted these numbers into the NHS National pressure ulcer productivity calculator [27] and the average estimated cost saving was £2.6 million (range £2.1-£3.1).
We plan to formally validate the CALCULATE tool to encourage and enable its use in other organizations in future.
In conclusion, this 4-year quality improvement programme including technical and non-technical interventions, data feedback to staff and clinical leadership was associated with a sustained reduction the incidence of pressure ulceration in the critically ill. Consequently, many serious effects of pressure ulcer damage have been avoided. The strategies used in this programme may be transferable to other critical care units faced with a similar high incidence of pressure ulceration. Future work could assess whether a similar bundle of interventions aimed at preventing pressure ulceration reproduced the same benefits in other healthcare settings.
